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Based on ASCA observations Mushotzky et al. (1996, ApJ 466, 686) have recently derived the relative-
abundance ratios of -elements to iron, [/Fe]’0.2{0.3, for four rich clusters, and have suggested that
the origin of metals in an intra-cluster medium (ICM) is not a type-Ia supernovae (SNIa), but a type-
II supernovae (SNII). However, these authors used the solar photospheric iron abundance for ASCA data
reduction, while the meteoritic iron abundance is usually adopted in chemical-evolution studies. It is true that
although the photospheric and meteoritic solar abundances are consistent for most of the elements, a serious
discrepancy is known to exist for iron; indeed, the photospheric abundance of iron is NFe=NH = 4:68  10−5
by number, while the meteoritic value is 3:24  10−5. The argument concerning the relative roles of SNIa and
SNII in ICM enrichment is quite sensitive to the precise values of [/Fe], and one should use an identical solar
iron abundance in data reduction as well as in theoretical arguments. We therefore adopt the meteoritic
iron abundance, which is consistent with chemical-evolution studies, and shift Mushotzky et al.’s ASCA
data by [/Fe]’ −0:16 dex. By comparing the corrected [/Fe] values with theoretical nucleosynthesis
prescriptions of SNIa and SNII, we reach a conclusion that an SNIa iron contribution of 50% or higher in
the ICM enrichment could not be ruled out, and might indeed be favoured based on the ASCA spectra.




Clusters of galaxies are surrounded by hot X-ray emitting ICM enriched with a large amount of iron
(Rothenflug, Arnaud 1985; Hatsukade 1989; Edge, Stewart 1991; Arnaud et al. 1992; Ikebe et al. 1992;
Tsuru 1993). The universal ratio of the iron mass in the ICM to the total galaxy luminosity (i.e., so-called
IMLR; Arnaud et al. 1992; Renzini et al. 1993) suggests that most of the iron was synthesized in cluster
ellipticals, and ejected via SN-driven winds (e.g., Larson 1974; Arimoto, Yoshii 1987).
The relative-abundance ratios of -elements to iron in the ICM is one of the most important observational
constraints on chemical-evolution models, because it directly tells the relative roles of SNIa and SNII in the
enrichment of ICM. Recently, based on the ASCA X-ray spectra of four rich clusters of galaxies, Abell 496,
Abell 1060, Abell 2199, and AWM7, Mushotzky et al. (1996) reported on a rather unexpected result, which
shows that [/Fe]’ 0.2{0.3 in the ICM of these clusters. The authors claim that these [/Fe] ratios are
consistent with the origin of all metals in SNII.
The observed trend of [/Fe] vs [Fe/H] of G-dwarfs in the solar-neighbourhood of our Galaxy can be
explained based on the dierent nucleosynthesis yields and lifetimes of SNIa and SNII (cf. Greggio, Renzini
1983; Wheeler et al. 1989; Matteucci, Francois 1992; Edvardsson et al. 1993). A detailed model suggests
that 57% of iron in the Sun should come from SNIa (Tsujimoto et al. 1995). The number ratio of SNIa
progenitors to those of SNII is roughly determined by the initial-mass function (IMF) and a frequency of
binaries in the mass interval corresponding to that of SNIa progenitors. If the IMF and binary frequency
are the same in the solar neighbourhood and in elliptical galaxies, and if most of the interstellar medium
of ellipticals is eventually mixed with the ICM, a signicant amount of iron in the ICM must come from
SNIa. Indeed, previous chemical-evolution studies suggested that the ICM was enriched mainly by SNIa
(Matteucci, Vettolani 1988; Renzini et al. 1993; Mihara, Takahara 1994). Thus, if the interpretation of
the ASCA data by Mushotzky et al. is correct, it would require a somewhat complicated mechanism for
enriching the ICM and/or a completely dierent understanding concerning SNIa nucleosynthesis.
Recent theoretical studies have attempted to interpret the observed high values of [/Fe]. Elbaz et
al. (1995) suggest a bimodal star-formation model, in which the formation of SNIa progenitors is strongly
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suppressed, originally proposed by Arnaud et al. (1992). Matteucci, Gibson (1995) nd that the SNIa
products should remain in the halo of ellipticals, since the thermal energy input from SNIa is not sucient
to induce a late-time wind.
In this paper we argue that Mushotzky et al. (1996) might not interpret the ASCA data properly,
because the iron abundance in the solar photosphere is used when the authors estimate the abundances
of the X-ray emitting gas by tting a spectral synthesis model to the ASCA data. Although the solar
abundances, estimated from either the solar photosphere or meteorites, are almost consistent for most of the
elements, a serious discrepancy is known to exist concerning the iron abundance (Anders, Grevesse 1989).
On the other hand, studies of stellar nucleosynthesis use the solar abundances derived from the meteorites
by Anders and Grevesse (1989) to explain the observed [/Fe] of low-metal G-dwarf stars (e.g., Thielemann
et al. 1993, 1996); also, galactic chemical-evolution studies use the meteoritic abundances to explain the
observed trend of [/Fe] vs [Fe/H] in the solar neighbourhood (e.g., Timmes et al. 1995; Tsujimoto et al.
1995). Moreover, the meteoritic solar abundances are generally used in chemical-evolution studies, including
recent studies concerning ICM enrichment (e.g., Elbaz et al. 1995; Matteucci, Gibson 1995). As we shall
demonstrate in the following sections, the iron-abundance discrepancy between the solar photosphere and
meteorites is not negligibly small; thus, for studying the origin of iron in the ICM one should use the same
iron abundance in the data reduction as well as in theoretical modeling.
We therefore modied Mushotzky et al.’s (1996) relative-abundance ratios with the meteoritic solar iron
abundance (Anders, Grevesse 1989). By using the modied data and the stellar yields of SNIa and SNII
nucleosynthesis, we nd that the observed relative abundances are consistent with an origin of iron more
than half, perhaps even more, in SNIa and less in SNII. We will present a more extended study concerning
cluster chemical-evolution in a companion paper.
In section 2 we discuss the solar iron-abundance discrepancy and apply the meteoritic values to the
relative-abundance ratios of the ICM of the four clusters of galaxies studied by Mushotzky et al. (1996). In
section 3 we calculate the SNIa and SNII stellar yields in order to derive the fractional contribution of the
SNIa products to the ICM. Discussions and our conclusions are given in section 4, and section 5, respectively.
Solar Iron Abundance and [/Fe] of the ICM
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table*[t] center Table 1.4pc Abundances of ICM normalized by the meteoritic abundances.
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